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(57)Abstract: 

PURPOSE: To enable both an n-type device and a p-type device to be 
formed as a common planar structure, by forming a semiconductor layer 
receiving a tensile strain and a semiconductor layer receiving a 
compressive strain on a semiconductor substrate. 

CONSTITUTION: A field effect transistor has a planar hetero structure 
22 composed of a plurality of layers 23/ The planar hetero structure 22 
consists of a first ease Sil-xGe layer 34 of a Ge molar fraction (x) in a 
range of 0.2-0.5, an Si layer 32 receiving a tensile strain, a thin ease layer 
SiGe layer 40, and an SiGe layer 30 receiving a compression strain and 
having a Ge molar fraction (y) in a range of 0.5-1.0. In this case, y-x is 
larger than 0.2. The Si layer 32 receiving the tensile strain acts as an n- 
type channel for an n-type field effect transistor, and the SiGe layer 30 
receiving the compressive strain acts as a p-type channel for a p-type 
field effect transistor. Therefore, the n-type device and p-type device 
can be utilized as a common planar structure. 



STRUCTURE LAYER 





LEGAL STATUS 

[Date of request for examination] 28.1 0.1 997 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 2994227 

[Date of registration] 22.1 0.1 999 
[Number of appeal against examiners decision of 



I 



rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



(l9)0*H#llF;r (J P) 



02) i3t 19 # it ^2^ $R (A) 



#51^7-321222 

('GVAmB ^*K7#(1995)12^8 B 



(51) Intel.* 




F I 




H 0 1 L 21/8238 








27/092 








29/78 












HO IL 


27/ 08 3 2 1 B 








29/ 78 3 0 1 B 








»«3S<Z>»C26 OL (^14 M) 


(21)mH#^ 


»H¥7-97158 


(71)ffiBA 


390009531 










(22)mHB 


7 ^(1995) 4 ^210 












INTERNATIONAL BUS IN 


(31)«5fe«l^3S»^ 


2 4 6 5 4 9 




ESS MASCHINES CORPO 


(32)ffi5feH 


1994^5^208 




RATION 


(33)fll5g|i£%a 


*S (US) 




Tp^U*'&«H10504. 








T-^>^ (*«;&: U 






(72)«M# 


• -f XV — f— 






















(74)fta!A 


#S!± -&Eg as (^2«) 











(54) [«M<^>«»] t>^*S i/S i Ge^5^D«|j6SS«ffi-rsCMOS h9>>?X^^»aiHr» 



(57) [^^^] 

p mmmj}^ h^>vx37i:n ^m^?:*:^ h ^ > s^x 37 



23 
22- 



^6,18 



'J V y u V 



i-5f 



'-SiD.7Ge0.jt 



"*'^<-Sift2eeo8 



(81*]) ^ 




r24 

'42 

'30 

32 



38 
-54 



25 



-2f 



Si ;^20 



(2) 



- 3-2 12 2 



G e.lli:. 

-:/S i ,.,G e,gt. 

HuiSH 4 Offi±{rx tf^' + ~>-v Jl/Jgfig^ tlfcm 5 C9^?a 
S i ,.,Ge,e<!r, 

Ge»^y;0^'O. 5fj;VJbl. OcoffiHT'^D. y-x 

;5^'o. 2j;0fe;t^<. ^ntCctoT. mmn-f^^^ 
MiEU 6 ®^±{cxe^'^->r -'I'j^fiK^nfcm ? ©^?a 

S i |_,G e^Mt, 

sSie^ 7 © ^ ± X tf + ^ S n/c^ 8 ® v'J 

-r-SfcJitC, i!>;a:<d:=folO©y-hm®®Mi9J{CWI2 
H 6 W^ii^ ^.mSBm 8 (CMS P ^^^Sr-^tJ-C i 

T-5fc«)tt, ^pf£< t%i-o<Dy-bmm(DmmizmBi 
[if*S6] $eic, i>;5;< (!:t)H^[S^m4<DB^c■(^e■r 
f-sfciifc. i!>/j:< ife 1 -D<D^— vmmoimmzmt^ 

m 4 ©M*^ e, WSHSI 8 rogtcSS n ^fi^Sr'&ty c: t 
\z. Hufey-h«ffi. mifipSfi«. fecfcD^HuKn^^g 



HfIfBB©f>t.<?5ii^/j:< tfeSfilBII 1 OSfCiiCS-r -Sffil^ 
fli^^HulBBcD^) -^CDfylBM 2 ©@$-iijl$-a-a/tJ6, 

wtB^© o ^(D'pfi < t feMiBS 2 ® Jifc-iiB-r-sais 

#»^»«<!:. 

Ge:^^x75^0. 20/.ft,iL0. 5CDKSHT$>-5. flufB 
*«±{cxh"^:^^v^;i'}gfigsnfcmi w^fqs i 
Ge,ji<h, 

fl5teill<73B±tCXlf^4^->-f;U?^fig^nfcm2®n K 

— ys i |.,G e^mt. 

mzm. 2 coB±{cx t;^4^->^;L'fl^^sn7t^ 3 k 

— !!/S i i-jGCxWit, 

HfflBM3(?D®±fcxlf5' + ->r>'UJ^fiS:$n, §1510 

x>-ryi-^^n. -mM<Dm=F^mmt^z 0 okt-2 0 0 

0 c mV V s f3.\^^ L 2 5 0 0 c mW s cDffiHT'fe 
?>'HutBHl/'f >M«t< 

MIBH 4 0^±{CJ^^$nfcm 5 «>SI®«#4S 

Ge^$x75?0. 20;^£l>iLO. SCOteHT'feS. mfsB 
«fe±(CXhf^i' + ->^;Uff^fiK$nfcMl«MftlS i 



(3) 



!KfM¥7 - 3 2 1 2 2 2 



Ge^myA^O. 5;S;Vibl. OWiSHT^O, y-x 
;l'fl?fiK$nfc^2 0S i i^yGeygt, 

Buiem 2 ® 1 ± c X tf ^ 4^ V jgfiE $ nfcn 3 ® -> 'J 

0. 5 0D|gHTS^> HtIiem2 0)l<i:BuieB3 WBWPbT 

;i <h ^!t#ii if ^Hi^j® 1 (ciei£©fi#?;S^ h 7 > V 

m h 5 > X 5- « A ^ S 1i S fl^ ^ f ^ * ^ *3 
Ge5i-^x;550. 20fjViL0. 5(73$BHr*^. ^1 

(D^fps i ,.,Ge,^^Btrie»is±tcxe5'=^r>'+;u?g 

|g2®nH-7'S i ,_,Ge,l*H9IB^lWg±fCXhf 
rJ' + -> ^ ;b JgfiXT 5 X T- y i. 

I|3<D#K-7'S i ,.,G e,ffl2rHufB^2(DS±(CXtf 
^ + ■\' ;UJ^*!K-r -5 X 7^ T'i , 

Btiffi^3«l±(cxt°^^->r>'l^fl^fi£^^T-5l3iOt> 
msro^ftJS i ,.,Ge,B*WSEII4<D^±{CXt:5' + 

-> jimeat ^ x x y t , 

Ge^J-*y*«0. S^^Cl/ibl. 0®tgHTa6D. y-x 

i i-yG eye*fl?J5£-r -5X5^-7 T't. 
m7<0ilifaS i ,.xGe,S$:flKm6W)l±iCXtf5'^ 
-Vi'Jl'Jg^^-r'SXT^.yyt, , 



[W5S:«16] sec, '>;^j:< tfcRfraBm2wp(c&M 
T-5 P V-XM^:J3J;0: H >m^€:jefiKr'5X 

IBS 4 cos;^^ e h5bB^ 8 (DM tcs-s n mmm^mmrT^ 
ti'm4(omfi^(bmuw.s(Dm\z^^nmmm^m^-t^ 

HtriBy-h«^l. mrgBpS^a:®. *3J;C/mItBn^ 
Ml^*fflSjgig-rSX5^ ^^^tr^ <t ^#'^<i: -r-s.it 

^:bmizisf,^x. 

^ fl^fig-r ^ X ^y-ft.. 
««t^MIB^® ^-^WbiFIB^ 1 ®SS:Mi^$-ti--5/c«6 
(r. H((fB^©5^®i!^)fe<ifeWfBmi©^fC'aS-r'5 

ffifC « n ga^:^ ^ Jl^^-r -5 X 5^ y ■/ di . 
SMtSrSfffH^cD^ ■t.COtflfB^ 2 ®^$:®jg$-fr-57ti6 
(C, Hrlfa®«^-^»^i>/j;< <!:fcHufBB2C0S{c{iS"r^ 

isia:«) p^sg«K&}^^£-rsxx<y -/tsr^i^*-, 

« zi ^ > -> i 1/ - h @ * Ji^fig-r -i) mr bB X 7^ -7 $ 

¥»«:»«S3llR-r S X 7^ ^.t , 



(4) 



- 3 2 1 2 2 



G e ^}-* X 0 . 2 0;iSliL0. 5©ieHT$)'S. Ill 
W,2<Dn K-ys i i.,G e,e*HuEIS 1 Wl±t::xt; 

^' =^ V A- ^HKfifif i) ;^ T- >^ t , 

HSWI^.K-yS i ,-,Ge,B^HufEII2<Dg_h{rxtf 
^J' V ^ ;Ufl^^-r -5 7, ^ ^ t . 

t>-r.?*-*stt, -m^com^^Kj^A^' 3 o o kt?2 o o 

0 cmVV s ;^Cl/iL 2 5 0 0 cmVV s <^)^BT$) 

^ 5 ©sm^^ilsf^S: Mgem 4 ©@±tC}^figT-5 7. 5" ^ 
<t, 

Ge^J-^y*«0. Sii^ViLl. OCDffiSfflTifeO, y-x 

IE?L5e»^Efli;iiJ6 6tl-2). §12 CDS i ,.yG e yg^rstlBB^ 

1 © B ± X tf + -> ^ ;l/J^j«-r S 7. 7^ <;/ ^ t , 

Km 2 © ® (c fl^^-r ^ X 7^ -y y t > 

11 3 © -> u :3 »i ^TBuiem 2 ©B±(cx e^' + V- ^ )vm 

114 ©Km*^!|s^s<&wlBll s ©B±tc?gj5£-r§XT->y 

t. 

[Ii*^2 4] ^e>(l. G e z /55 0 . 2 0/^:1/^^ 
0. 5«®HT$>-5m5©S i |-jGej^SrHflfBm2© 
S i h5SB^ 3 © Jl ©/y] tcx h° ^' + -> ^ JUJg^-r ^X'rv 

[11*1^2 5] B(rfeiii©i*^'$6ic. mfiemi©^* 

SfcttHuSem 1 ©^J;0T©^^mfiit?£-BS<feii6{Cn^ 
h ^ >':^X ^ ©MJ^WTfc p MM3®S:-&t? ^It® i: 
i-^M*^, 1 «B«©imifi„ 
[M*«2 6] HfifBmi®l/05$^(c, HtflBlll©B4' 



■r^w*« 1 {cfB«©^i«jfi. 

[5§H^©t¥iW;5:iftBJ] 
[0 0 0 1 ] 

imm±o)mm^m] (uls 

I) iEis§js©cMos{cgiL, i¥iat::tt. D^-rs-ttfev- 

^Sft* h 5 > V X 5^ gllf ^ „ 
[0 0 0 2] 

miL^mis^-t^s i -CMos^^A'-f x©^4Hg^^^±tt. 

S i -e«*:-;P©^lfia?7!)i<£tiCl<i:-efe-5o 0. 
1 5:J7D>75:HL 0. 1 5 5 ^ D >©y— h «:"^tj5^A' 

$6tr, ^©^i^-eti. 7-VNWx©ffl*Mtt. b^^ifi® 

/±©fl!ijffl), *3J;U:^S0©Pa^li7i^'J;0gM^(cfi-5. S i 

-5*ji|sf>'XxA^af?-rtits. cMos©ai:'j-iiM« 

*5l6]±-r-5. 0. 2 5 5i'D>©y— 0. 15 

5i7P>©s i -cMos\zmu<D\±m^rzit^n<i:o 

-So 

[0 0 0 3] Si Sfe{CE«-r^W4->X7^A©-«»J 
rcermanium Channel Silicon MOSFETj t^-T?). 

i^tamAizmm-^ntz. i 9 9 1^5^ 2 s atc^ffs 
n;t7Rffl!f#f'F^ 5 0 1 9 8 8 2^(ciam$nTt»-g). * 
fflittifn 5 0 1 9 8 8 2 ^-e{i> efe^^tiTt^-v u 7^ 

:i(D^^m±izz^>jzi>m-fym^^n. 
^^mizmit^tixmmm^mii^i^n^o -mit^^m 

[0 0 0 4] 1 9 9 2^1 0^ 1 3 Ht^fT$n/i*H 

^wms 1 5 5 5 7 i-^T«. z>-f^^tzm^i^mBt: 

*-r-5fflffiMm^h^>vX:$'*i8e«fe$nTVi^, *s 

5 1 5 5 5 7 1 nxit. n S©t^■r^ #fcG e x 
S i ,.^m^l>mhy>-:yX^iZ&mLs -?-tltCcto 

m^©^i!i^fr— SS:$-i±;t->'jn>CMOS h^>-:/X 

=t!>'GeS i-^^St. gfOGe xS i LT 
nMh5>>^X^'>1'©«^^i(ia?*iS:*:^-e-. |bi^(c. 



(5) 



3 2 12 2 



[0 0 0 5] 1 9 8 8^1 2^ 1 6 B(C^fT$n;t#^ 
BS63-308966 (a) mzit. vU:3>|gSJi*3 

[0 0 0 6] 1 9 9 1¥4^ 9 HlCfStf Snfc^Omt 
^5 0 0 6 9 1 2-^T(S, ->ij :3> . y;i/V->j7A • ^ 

a >/-> 'J n > • y;uv - 'J' At>-r^«^s*T-5¥« 

[0 0 0 7] m^x UT^iiS^Wb. K3ii!)f^(')SU 
fc«^gSmh7>>''7.37(D<ill«Mtt. 1 9 9 3^8^3 
1 B(C^ff$n/t*H#f|F^5 2 4 1 1 9 7^{C|H«$ 

tiTi^^o ^n^^fF^s 2 4 1 1 9 7-^-e«> 
■ ^zn-f^'^rz.mmmiimnibn. n-t^mmmcDUfS.^ 

n 'i' A H + © i' U T^iftS ttiS Vi. 
[0 0 0 8] 

[^f3*^'«*Lct5<i:TSiSli] *fSBJ«-a«l(S. n 

-So 

[0 0 0 9] *5!M©lfi©BW«, r-Kfk'S-'f ^Ifffitc 

[0 0 1 0] *5!WcD<i©@e«)«. pM5^^^-;waj, » 
[0 0 1 i].*^?g©ffi©B««. m^iHEnttimzn 

ttlll^O-r^) , ^J®£7)»fiJi:< J;D;SS?ir^3Aj6A'U 
•^75^'=)*ij^;5^~#e)n-S>. nST-'AWXiJ.tr/p^xA'f 



[0 0 1 2 ] *|gBJ©fficDg65tt. fSV-X • HU-Y> 
iS </ i^UfiS -5 n Mt^A'-T X *3 ct p ^a-' A'-f X * 

[0 0 13] if%m<nm<Dmm\t. m.'f-tJE'^i(Dn:f3\z 

# ^ n m.'rn^ X p ^x AW X ^tf tt-f ^ c t. T 

coo 1 4] *5g0j(o^©iw«. m-^'Km-^m.tm^ 

T{g<, fci;^tf, • fcf >y h»T 1 0 0 OfH/c 

m2T^-5. n^-r;WX*Dj;UCp^-T-V\~'f X^J^fig-r 

[0 0 1 5] *^BJ®ffiO@«)tt. n SJSI^jcl)^ h 5 > 
-yx^ip^mi?-?;*^ h5>i;x^OM:^c7)y- Kfll® 

[0 0 1 6] 2^MB^©flfe©@W«. n^xA'-rXC9«-e- 

i Ge5^-V':?^;P*. p SiT^A-f X<D«^{C«/E«lt>-r*. 

a. 
[0 0 17] 

[ISIi&^^-r^fc*©^©] ^^HJtCioT, 

G e X /it 0 . 2 0;^=£l.^U0. 5 O^HT* 

^> s«±icxtf5'=^>'Y;V'j^B£$nfcisicDiSfos i 

||2®n F-ys i i^.Ge.Ilt, ^ 2 ®^±(CX t'rS' 
4^v'^;i'Ji^j5K$ti/tm3Wl|5K-7'S i ,.,Gexli^ 
G e 5j-^z ;i)t^3 ®li±(CXh°^'4^v + >il/Jgfi£$n;t X 

^4<0->U a»iSfe(iS i |.,G e^lii:, IS4©B± 
(CXt°^ + ~>-\';Pff^/i£$nfcm5(7)S?0S i i-xGe,S 

Ge^my-A^O. S^CV^Ll. 0»lgHTfeD, y 
-xj&to. 2J;0t):*:g<. •?-n{C«fcoTBE«lO'-r^^, 

news i,_yGeyM<h, m6<75g_h(CXh°^' 
^->^;uj^^sn/c^7 WgfOS i i.,Ge,St, »7 
«^±{CXtr:S' + ->^;HgJ5K$tlfe^ 8 «->'J >s 

f&8(Dm±\zm^^ntzm9<Dmm^nmiif}^^^ 

■5, nS^^5cillH5'>v=X:$'<!:p^®#?i*h^>>^ 

Z>T.?*-*fc(JI±ligI>-f**i^eL;^ci:t^^^^D, 0. 2 0 
h7>5;XiS'i5j:tXpS!«#^^ h^>v'X5'©y- h 

h^>vXiS'(D-f-n^n© Fi/'T >M«43<j;o;y-x® 



(6) 



^m^7 - 3 2 12 2 



wimiz p mmm^mis. lt p mmmm h ^ > ^ ^ 

>'^7.^t pSh^>>^Xd7^fflSS^UTCMOSife 

[0 0 18] *:^0Jti^6{C, ^«#:S«i:> Ge^m 
x^^O. ZOtS.l^LO. 5(?)ffiHTS>'5, S1S±{Cxe 
^^v^JVff^^i^nfcmiCDJSfaS i i_,Gexl<^i^ G 

0. 2ckD^):^^<. ^n{cJ:oT. }±.^n^^^^ 
tt> "^<7)*£m. iE?L7!?^*mi;iAi6bn^. ||2c7)S i,_y 

^cti/m3<^S4^cDy- hfl:iicDi^fflijtc?i^^$nfcp® 

[0 0 19] *^?^ti$b(C, x}0^*O. 

$ nfcH 1<D^?PS i |.xG exB(t. Ill (7)B± 
fCxe374^>^>'UJ^^$n;^cl|2(7)n F-:/S i ,.xG 
ex«t> ||2 0r)^±tCXtf^74iv^;^fl^^$n;tm3 
CD#F — ys i i-xGe^B^, Ge^i-^z ;0^'^3C7)B± 
fcxt:^4^S/-\';i/fl^^^n;^cxct *9 t^^^7'cj:<> 

-fi^tfom^^^KlS^&^'S 0 0KT2 0 0 0 cmW 

s7'cf:t^L2 5 0 0 cmVV s CDffiHT^-SXfiffijge 

ht^^L. ^^^-Mz^ifi^^m'f'^mm^^m^^'. 

[0 0 2 0] 

>A'-^' 9 ^W^^'t^^o\z^Wm^'^tvtzM.^'^^ 
VyyiyT.^ \^^^n\\(D^Wm^7r>rr. CMOS 

CO 0 2 1 ] m#^:ft:^h^>>^;^^' 1 ofri, rxumm 

HU-f >^^1 2*5j:t>'V-X®^l 4<h. 

1 6 i^W-r^n^«#?i^h^>>^;^^Tci:V^o 

43j;r/y-xffi^ 1 5 (h> vmM i 7 (h^wt^-s p 
mMMm^v^yy^JTs^x^^^o v-vnM\^^^TS 

>T^>i:^/^o y-hmffil 6ti±gKHl 8^^L. ^ 

- 1 7 1 9 ^w-r-^o h ^ > 



<;)'&^Tt)i:l^¥2®#:»1S2 0_h{CJf^^$tl^o 2 
O^S. ±gBM^;0^% aA^nfci^^ (S IMOX) tCcfc 
-pT^i^BS^n^.. '5ji/NTJ:Vio »«2 0«> I1I2{C^ 
b/c»^2 OcD±a5^ffl2 l±lCfl^^£$n;^c:yi/-:^ • 
^7"D:^ig2 2 ^Wr^o yi/-::^ • ^^P+Sii2 2 
tt. ffiS{CXt::^4^v^;i/Ta50. $>'5 l^tiiRftTab ^ 

2 2±0]ia^M2 4ti. ±^«®2 5 

[0 0 2 2] n.mh^v'yyi^T.^ 1 o^Dcki/i 1 

l{C^Lfc?5^. n^*fc«pS<Dm^gS* h^>vX3^ 

6fj:V^L9fcJ:<H^^cO h^>i>'X^^$'o(C»m2 0± 

22tmm^t\.^o WR^ritz.V'yyvT.^f^o^mu 
tt, ^T.^^^i.tLK^^^'^^^y ' y-v'^yyf^E\z^ 

M/>^2 8 ^?f^^-r^^ci:;^cJ:(^^t3ct ^ 2 3 CD 

^zu^wMiZ^^fz.^\z-m\L'T^muii(Dmnw2 9 

[0 0 2 3] g|2ti, Sl<7)«|2-2fC«ofc»fMia"e 
Ell^J:Z^^2(::^L;^cJ:^tc. 2 0 ti±a5^ 
B2l^WL. ±gB^S±{c. xe^ + v-^^UF^^co® 

3 4. 3 6. 3 8. 3 2. 4 0. 3 0. 4 2. 43J:D^4 

T'l/-:^ • ^7"p«i^2 2±tr«. y-hmme 

*5.i:LK'l 7fflcD<ir-h^{b^(hLTaig'r-i)®2 4;0^^fe 

i^ii-'&o yi/-:?- • ^^Dl#jg2 2CDEIWcDltfji[ti. 

^WL, -r;^cJ:^^>. pgiS^Ji;^ h^>5^X:^ 1 1 ^/c: 
ttPMOST^A^-TT.th. ngimi^gft:^ l-^>>^;^^ 1 1 
« N M O S xVnW X X 5" > ^ iiJRKj^S ik^ 

^i. «^'thyai7D>s \~Gyio^%M\zm'^'r^Wk 

[0 0 2 4] i -MOSS&<7)<i:e>/cJ:H-e>i/ 

^*!^^-r^;ichtCcfcoT, p§im^?:ij*h^>v^x^ 

1 Qi^^XSx\mM^9)\%V=yyiy7.if 1 1 <7)L^(.^fiim 



(7) 



^m^7 - 3 2 12 2 



2 Til. 0. 3v/j:viLo. 3 V (Dmmo:>tm^mt^L^ 

^,yx^. mmc{zr^^j:o\zmmt^z,t^^x^B 

nmmwm^hyyi^7.^idj:zspmmwm^hy 
yz^x^(DmtmChyy7.ayy^^y7.\t. 

^^-)\^^^. nm'^^^-JUZtt^Tf-hm&l 6:fecfcr/ 
1 7t::J:0jfii.^«3 0 {z&^y'U—r - ^"rum^Z 2 

^^mLx. m3o\z$>^pm=f^'^-)V'c<D}EimmA 

<kDhm^^. ms 2{z^^nm'^^^^-jiT<Dm^^W}& 

^mm'r^zLt\zj;:^Tmf$.^n^o 

.[0 0 2 5] m2^^m'r^t. Gemf^^^2 o 

yrms 4\tmw. v-^fy^y^iiL'vmm^wjz't^zL 

[0 0 2 6] S3 4^mfS.Lrci^. S3 4<Dm^^rz\t 
^(D^AK^Z. m^^^l 0 0nm;^j:V^b 2 0 0 nmCOffiffl 

<Dvmmm2 6^j^j$.^^o pmmm2 6(Dm^mizis 

7.t^^rs\zm^^^\^\y-( ymmi 2^^ny-7.m 
$>^o mm2 6\trzt^{i. ^'ty&xt^n\zm<7 

m'^^z/^^-yit^nrz^7s^^z^'::,xmf^'r^z, 

ymj^(Dmi^z$>^m3 4^rcumm2 o 

^m^mm^mn^cD^m-f^^oizmmr^o 

[0 0 2 7 ] g3 4^ffML;ttt. g3 4CDli 

SBSfc«^a)ja<{r> ;p$;On O O nmf^^^L2 0 O n 

m(Dmm<Dnmm^2 7 ^m^-t^o nmm^2 7(Dm 
{c ^ - ><b $ n V X ^ {c J; o T ff^ ^ ^ ^ ^ 

nia®:^2 7tS, pMh y yi^T.^ (D^ -X^jS^t 

K i^^ >ts.'i^(Z)Ppi{c*^i 3 4 sfctisis 2 0 ^s^m 

m^mn^(D^m\f^^o\zmmr^o 

[0 0 2 8] ?l5SDr>-r>&§^t^S i )i^fc{lS i 



,_,G e 3 2 X<Dn^^W}f)m^L\^>h<D\Zt^^\^E 

mm'f^^^nmmw^rm^'^^rc^^z. i^fpg3 4 

(D±^mm±Xn H-'/^ftlS i Ge»Jl3 6*figS$ 
[0 0 2 9] IIT:fectt/IE7L7&^ffli;iAi6bn^(DfS, ^ 

gI2Tiia3 4-efe^g<^i^M^{c 
ctoTftS^tl^o m^^^^^;VB3 2^1, Geffl^>& 

nr^^^n^^^. IE7L5F^^^;Hg3 Ofi, Gem^:?^^* 

S i (^*&^^iaCcfc*9fe*^4%fclt^#;^i:^^^IS* 

[0 0 3 0] MS 6^(D\^—/\yh^S \ mS 2^^ib^ 

mvxms 2 \zioi^xMm'T^mm^mm't^rzii>iz. 

n K-yH 3 6 ±T»VijSfP#^ H-T'S i G e 1 3 8 ^ 

^S^it^o B3 8tl. OnmUly^L4nm(Dmm(Dm 

^^mr^c^i^^x^^. ^monr^^^^f. nmm 
^m^hyyi^7.^monm'^^^-)itLxm< s im 

^fctlS i i.,Ge,^3 2^B3 8±T^S^i±'5o S 
i m^rzltS i i.^Ge.gS 2±T^§t^$SftlS i Geg 
4 0&^fi$ii-^o H3 843cttJ^^4 Otl. -^Vl^vn^A 
:^^*2 0 5 O^cOliHTJcl^v-U n>^y;Uvn 

tlS i j_,Ge,B3 2 tc^l?g0r>^^^-^;^. SiGe 
H 3 8 43ckI/4 0 ^SSl-r^o 

[0 0 3 1 ] pmm^M^hyyzy7.^m(Dpm^^^^ 
)vt Lxm<. )±mn^^^^\i^ s i g e s 3 o 

4 0±T^g^-t^^o li 3 0 tC^Dl^T. y;i/-en^ACO 
ffl^^l, 5 0%;tj:l^L 1 0 0%(7)ieHT&<::). tzhPi. 
8 0%-eJ:lio 

[0 0 3 2] i\m^mmx\^. g 3 0 ^p^t^^ib^ 

{^^tbtl. A^^:/:7T/i3 4(c^<93fi(^^il(7:)Ta5Tco*<j 
0. 7 bGet^^. m(DAiUX(D'^0, bGe^XWL'P 

«g^t#^n5S3 o^'co^E{^^r>T^<h^iB#^«ii 

[0 0 3 3] m.(Dm^W.^S \ Gem4 2^® 3 0 ±T 
^g^ii-^o H4 2tl. 114 0 chlHlCffl^^^f^^lch 

7:)^^T^, 113 0 chcoi?-ffiTO'"r>^-^^> '^nti<^o 

tcifli:a56^cfc3tc®<o Ji3 oti/±*gu^-r^*^tt 
>'Un>-^'V^y:/e4 4g#:o±^Sffi±^;^c^l 

^^o\Z. i/Un> • ^^*yyB4 4^Ji4 2±T^S 

2 4^vur]>4 4s±(c?^^'r^o zimi\:^'imm2 



(8) 



Wm¥7-3 2 12 2 



vU:3> • y-h 1 6^B2 4 JiTpKfi^it^o P^d^ 

4 iz^-r^x/^i^-yit^^zt^^x^^. h 1 6 
ti> ^:i:ass^y:/nirx<h0. 1 ^ d >7i(.i L 0 . 

10 0 3 4] ms 0i^J:ZS3 2i(t. 3 nm;^j:l/^ L 7 nm 

co^H<^l9^S:#-r^e:<t^^'-e^'5o )i3 0<h^3 2<z) 

'5:i<h;0^''e^'5o S3 6. 3 8. 4 3 nmU^^L 

4 4ti, 0. 5nm;^l^Ll. 5 nm<DiEH(7Dlp$ 

[0 0 3 5] ^mOV^-r^^^^f^S i ^;^ctiS i 

'^S i GeB^^fOS i ^TMS i G e ±t::?i^^r <1 
^;?^^*T#nt^. S i Ji^fct^S i ,_^Ge,P3 2 <hS i 

G e g 3 0 (Dm:^<DBm^^^zj^mn^w^^ l < ^{b 

^it-^^TchT^i^^T^^o S i B^;^ct^S i i.^G e,g3 2 

5 i • nM^-\'^^;um^>:!jll:h^>>^X^<#5tci;0 t)^* 

ctOiSl/^^Kiati. 3 0 0K'tf2 0 0 0 cmWs;ii: 
b 2 5 0 0 c m2/ V s , 7 7 KT 1 0 0 0 0 c mV 
V s TicViL 1 5 0 0 0 cmVV s COffiH'Ccfci/io dtl 
(CJ^UT, S£5feS(Dn^h^>vX5^Ji, 3 0 0KT'*5 

6 0 0 c m W s . 7 7 1 5 0 0 c mV V s <D 

ci;oT2^0JSfflStC'gr#:Lyc TElectron transport prope 
rties of Si/SiGe heterostructure: measurements and 
device implicationsj (Appl. Phys. Let 
t. 63 (5) 2. 1993^8^. vp 6 6 0U^^L 

6 6 2) tmr^Wff^iizmm^nx^^^o 
[0 0 3 6] ^mn-f^^^n^ S i G e ^ 3 0 coflsm 
"T^^miEK^^xzfmjEii^t^Lx^m-r^o Ltz^^ 

■T{i*i68!=?itGeM^O^'V^^;Ut::«iofciE7L(^Sift{cK"r 
S«fiSrfeo±BB<ffi«-?^«t><7)iE7L^»;« S i • 

Sti. 3 0 0KTti6 0 0 cmVV s;^j:V^L 1 1 0 0 



cmW s <D®SHT$>D, 7 7 KTti 2 0 0 0 cmV 

Vs;^j:I.^L 5 0 0 0 cmVV s<7D®HTS^o c:tl^ 
(^^H(S> i#^4nmT^^, i/U a >7;?n 0 
vn'j7A;<?^'3 0 %cOffl^(D^^(D® 3 OTfiteLfcfcCQ 

T'S^o ffi'j^^nfc^siatj, s i • vmmmi}Mh5^ 

[0037] m3\t. mS 2 (D{^m^CD}&§^X(Dmi^<D 

6\,zM't^mm(Dm^ti.x^r^yyx$>^o m3x 

mmm\t. ^m^(Dj&mx(Dm-'oym^o:)ji:^^)\^^ 
-^mL. mmm\t. m2\z^vrzy-hmmi 6(dt 

mms e^zx-Dx^^nxi^^^o »^p«8 5 8», ^32 

^CDy:iL)V^'Ji:^^)V^-^m:'ro m 3 IZt^-^ ^ O \Z . 

mu^6o\t. m3 2^<Dm^<DjL^-ju^—7^^yjiji^^ 

. X:?^^;i/^-cfcD t>®<> Lfz-fJ^-oX. 3 2^{Z 

6^<Dnm\^-\:i>^lZ^^B,m^<Dm^^^'ro ft^ 

6 2\t. vmmm.2 6^K^-r^j:oizmm^nxm^ 
a^BE6 4n. mimm2 4<DT\z$>^m^i^o 

Zl> • =^^yZfmX&^m4 4^(Dm^<DJi^-^Jl^—^ 
^To .B4 4Ji. ffl^gg 6 0 (Cct-pT^$ nfcm^X^^ 

;i/^-^wr^H 3 2 0m^^mm<^ o ^{gi/^^^^iti 

a^#-r^o m«t75^\ ^3 2trJ:-:>Tfl^^^nfcnS^ 

^^^;L^t::¥fT?'cJ:«r^^'\^^^;i/T^ae4 4 ^rifttl^cD^ 

m<rc^\z. m3 2^(Dm^(Dm'7'j^^-ji^—i^. ®4 

[0038] Ei4ti. ^30 (Dmnf-wcom^xo^m^ 
(Z)x:t-;i/^-^. y-h • A'-r TxVg7^^*ftT$>^^*- 
hm^Sl Q (DT<Dm2 {z^Lrz.mm.:^^m&m(Dmikt. 
{^x7jk'r^yyx$>^o m4x\t. mmm^tt. &m^(D 

- hmm 1 6 ^znr^mm^^i^o^mm^m^o B^m^(D 

Tii^oft^7oti. pmmm2 6^K^'r^<ko\zm 
m^nxm^mK *^^7 2ti, mni^w^<^y:iij\^ 

^ • x;^;1/^-Ef^STo fl^gP7 4ti. S2p^7 2 
\zJ:'oX7r:^nrzy x.JV^ • x^^;i/^-J:Ofe:^#<, 
UfcT^^'oT. lETL^e^^-y:^, « 3 0 4'(7Dfflm^ffi^co 
WBCTcDm^x^^jW^^-icM^^'r^o 
[0 0 3 9 ] 0 3:feJ;r/ia4{Ccfcntf. lEcoy-- hm/± 
K-yS3 6;6^6jit^&$n^m^;0^\ S 3 2 T 

13 0TIE?L7:^M5«-r^o LfdT^J^^oT. Hl/^>M 
«^c]:lXV-XS«7:;^^T^T(?D^3 0, 3 2. 3 4. 3 
6, 3 8. 4 0. 4 2. 4 4^mmSmT^i§^. 

vnM 1 6 o^n"^^ncD<Bij{;:p^sfctinM<D K u-r > 

h ^ > ^fcti p h ^ >>-'X ^ ^ 
r^^-t^^LifiX^^. @2^#Bg-r^<h. B3 2 4'(0 



(9) 



^m^7 - 3 2 12 2 



-So S i/S i 02l^®4 7CD«^, 11^ <D^i!jS/0^\ 

> >?X ^ 43 J: 1/ p h > ixx ^ (DMM'f-^m 

(CVD) i^^bti^Jg^t* i^^^T^^o •7V-:^- 

^y^amm2 2X}ft. y-hmmi 6 ±(DmmA^^ (Dm 
ts:^. ni^^^ms 2x^mL. lETiy^ms ox^m^^ 

\zmm-r^^t:f)^x^. t^-Dnm^'^xmm^z/^^-y 

ift^Zt^^X^^o 
[0 0 4 0] -yu—t • ^T-om^ 2 2 r>-r^itfc 
S i /S i Ge^5^Dmitt'»':^ViTK14fgCMOST' 

/-^-^ x^mf^-r^mizmmr^zt^^x^^o zfu-^ 
. ^^umm.2 2\-t. mm^i&Wi^^^xs^mtimmimxm 
^-r^iji^s imm'^-jy'^x^m^^zLmx^^. m 

ZS3 2{z^^'}^mf-:^<kzSTEii<D^W]m-f)^mi^ztt.. 
¥i^+-v u ymmtmi^^zt<D^Mx&^o mtimmm 
m&<t^^(D\i. ^^v7mm^^^-^'^^<Di,z!i^^mr^ 
mm^f)m^^^^^x$>^o 

[0 0 4 1 ] nmmmj}^hy>z^7.^hi^mmmii^ 
iz^'z^xmfS.'t^tt'^ix^^o hu>^>^«. Kits 

tt^:j-> • X^y^>^ (RIE) \Zj:^xno ^ t^^X 

Mmmt^^mmx\t. ^yftxiz^-oxf^m-^ 

h^^11t::MLTgBM^JT'5o CMO S [Hlg&i:(^titc. 
NAND. NOR. 7>J:yy • 7D^y//j:<i:tc#l^-r '5 



[0 0 4 2] E15S:#Sa'r'&(h, eMOS-f>A*-^9 

1 0*5ck?>*l icDFU-f >'^^1 2:fectt>'l Sti^n^' 
n. a:i:fj^fl«-r^;^c66tCU-K^7 S^^LTffiStl 
^g'&^nTl^'&o h^>i^X:$' 1 1 (7)V — X^i, HJEV 

DD^iJt*n-r^fcie)tcu- H^7 9^iv\^x^^^nx\^^ 

[0 0 4 3] E16ii. m^?:*mh^>>^X:$' 8 2 ^^"T 
>-^X37 8 2ti. hmiSS 3 ch> HU'1'>mffi84 
8 2fi. 0 7{Ci¥SM^C^Lfe:/l/-:^ • ^5"P^ig8 8 

rcmmmx$>^o S7{c*5v^Tti. igit3cfcn^Bi2{c*if 
To :z:ix\t. m^mm^zT^rzi5t){z. imcDmmj}^ 

[0 0 4 4] gl7fS. m2> 2^(D^^yi^X\Z^r>X. 

>M:®9 1 tV-XM^9 2^^^-r^nSII#J;S*h 
^>i/X^8 2^^-ro ^##:S^2 0^S. ^(7)±a5S 
®2 1 ±^::xt:^ + >--v;i-?i^^$n^cmi co^fOS i 
i.xG e,/i 3 4 ^Wr^o x^iO. 2 0/ci:t/^L 

0. ScDffiHTS'So Il200n K — T'S i ,.^Ge,® 3 
6ti, S 3 4±{CXt:^^i/-\';i/?^^$nTV^^, ^3 
6 ^?g^-r-i)HUtC, #3|5COHl/<>M:®9 l^JcD^'V- 
X®JS?9 2(7)T(Cp^«a^2 e^fl^^U, ^3 4^fcti 
»«2 0^:^M.THl^-1'>^:®9 l;0^^y-XSg«9 2 

t^X^^. m3<7)^^K~ys i i_,Ge,S3 8^5, ^3 
6±tCXtf^^=lrV^;i/J^fi£$nTl.i^o l|4<D>'U3> 

^}^ctiGe^j^^z7!i^*x.^0 t)/h$?Ji:S i ,-zGe,g 
3 2ti. B3<Z)S3 8±{CXe:^^vv;i/fl^^$n. 

n^Ccfc-:?T, ^4coS 3 2 7:;^'5i3SDt>r^^stt> -^n 

3 0 OKT'2 0 0 0 crn^/V sU\^^\^ 2 5 0 0 c m V 
VsCDlEfflT^-S. -^^b^'1'*?if:ch\ m5cDi§mW4 
B2 4tt. m4(^g3 2<D±g|5^®±4 8(C?F^^SnT 
V^^. hm®8 3ti. |g5cDS2 4_hi::?i^^$nT 

nSiM^9 1 43^D^9 2 ti. El 7 ^ L i -5 
S 3 2 ^icoy— h®118 2C0Mfi'J{C?^^S;$nTl^^c ® 



(10) 



#M¥7 - 3 2 1 2 2 



4 4 t'SH/^v 'J 3 >1*^ 3 2 2 4 ©fe^JC^^^ 
[0 0 4 5] 0 8«, m3<DHJ®^!)^S^-ri2l6®^7 - 

m4 4t::kLxm3 ofH^mzjf^^. Yv^ymmi 
VT.^ 9 6(±. g^^^-^^n 0 otcfeij-sv— xmsi 0 

6 t h* K >«ffi 10 5 <7DrBl<OIE7L^»lS*^ii51.^. 

[0 0 4 6] Slf?;4:SK5>5^;^^9 6 tt. ffil^®)f 1 
0 3^ffi^-5 7'l— :^ • -^^Dliigl 0 2T'Jg^$nT 

<t, »«2 0±(cxfcr3'4^->^;n^jE«$n7t^icD^fD 

5 i |_,Gejll3 4 i:Srfix.TVi«><. xtiO. 

2 0;^£tsL0. 5CDttH'e&-5o ll2roS i i-yGeyB 

3 0«> ^IWSS 4±(CXtf^ + i^v;l'J^)5!E$nTtv 
-5. CICT?. Ge^}-^y«0. 5;feliU 1 0|BHT?a& 
0. l-x«0. 2J;D=b;>c^<. ^ntJ;oT, l|2 
CDH3 0«. ffiffiI>T*&Slt. ^CD^^. iE?L*^»2 
(DS(c:Mi;jXJ6?.nS. II3«)->U3>^4 4«, ^2 

(DBS o±(cxt:°^+->^;i/ji^fie$nTi/^^, -m^t^ 

JgfiK^tlTVi^o y-h«1i9 7(±, ^4»S2 4±(C 

10 6(i> m2»S3 043J;r/ll3«B4 44'«y- h 
mffi9 7®Pi{piJtC?|^fiE$nTVi-5)o KU-f >®^1 0 5 
fcJ;Ui"V-7.M:^l 0 6©TCD®3 4l='(CB3 4«±g|5 
«ffl*^6n^«J6!c2 7 S:Jg^SbT, g3 4Sfc«S«2 
OffCFlz-OM^l 0 5<hV-X?I^l 0 ecDPBlir^ 

B3 4&J^^^£LfeS^C, y'X^^:/M.fcl£«[Sfctt 

[0 0 4 7 ] pmm.^m^by>'y7.^iiJ:zSnmn^ 

[0 0 4 8] SiifetLT. *5§W®:^fiECMbTWT 
[0 0 4 9] (1) nM«^^*h7>->'X:5'tp^« 



Sftt. Ge^i-^x/iJO. 2 0f£l^L0. 5 CDlEH-efe 

S ii.^GexBi. mUW,l(r>m±.\zx.)d-5>^y\)Vm 
fiE$nfcl|2CDn K — T'S i i-xGe^gt, 0915112® 
B±{cxk°^'4^v^;i/j^fi£$tiAc^3®#H-:/s i 
i-,Ge,Bt> ->U3><»:> ^yVUvx-i-Ai. ->Urj> 

^?n^c:3iftfiE**ix. mu^3<r>m±.\zx.\i9^y^)vw 

CDB±CXt°37^v^;Ujg^$tl7t^5 cDHfOS i 
Ge^B.*:. Gei3-*y*^'0. 5fj:tibl. OW^Ht: 

y-x:«»«0. 2J:0fe;fc:#<. -etltdioT. JE 
SSr>-f^Sr§ltS, ^6CDS i i.yG eyJlt, MfEm 6 

cDB±(cxfcf^'+->-v;i'ff^/?K$nyc^7«^fns i 

Ge,Bi;. SJIBIg 7 OB±(CXt;;5'4^ v-v;i/Jgfie^n 

(2) ^(b\z. ^-vn.m^w^f^-t^t:.mz. HtriB^g 
mi-r^±fe (1) (cfB«(DB«it„ 
mt^^mmm8(nm\zm^v>mmi$.^^ts^t^<i^mt 

•t^±.m (2) tcf2«®B^i£„ 

(4) ^fi< t^>Buiem2©B(C'Ke-r^pM 
s±S2 (2) izmmomm^. 

(5) setc. nMmi^5ei^h^>~>'x^^f^B£-r.ait 

B*^ ^ Buiam 8 ©Bjcs-s n mmm^^tj ;i <h t 

■r^±ie (2) (cfe«£®B«igo 

(6) {>r^< tt>msd.m 4 (DM izitm-r^nM 

C0'J~7.mm^.i:ZS F Iz-f >M^^^tr z: i:^i|$^l5:i:-r 
f.±Ha (2) {C|B««3B^#jg. 

(7) nmm^9J)^hyy~y7.i$'^mi$.-t^rz 
tbiz. <}^ti.< tfc loc^y- h«iicDM#j(cmtsm4<D 

mt^imtim 8 «B(c^^ n ^M^^'^tS' <h ^4*1^ i 
-rs±l2 (3) lcE«CDB«3fi. 

(8) Seir. CMOS^S[Hl8gSr?g;3S;-r«)yi:J6(r. h5 

Sg^iai-^#g:€r^ty;it<&!|$mt-r^±l2 (7) (clB 

#^B<i:. 5i3goo-r*&s(t. ^ntcjcoT, e*^^ 



(11) 



- 3 2 12 2 



ie®co 3 < t femiem 2 ©SIC -(ia-r -5 it ISO 

T, il^##:*«<h, Ge^J-^XTi^O. 2Qtl\,^\^0. 5 

^icD^fnS 1 i-xGe^Bi:, HuSBm 1 ©S±tCXt;^ 
^5^^;P)g^f£$nfcm2 0n H-T'S i ^.^Ge^Mii, 
miB^ 2 <D ± tC X tf ^ V + ^ tlfc^ 3 ® K 

75^ea*?^tlfcM*£S:^L. B8iEm3©e±(CXt"^+ 

SlS*^* 3 0 0 KT 2 0 0 0 c m W s ;^£t,i L 2 5 0 0 
cm2/V s «)ieHTfe-2>, xaSgjiei»«i5ckZ>'Ea 
««jigS«<i:LT, e^«=^&^}-fiJ-r^. 114 ©St. '> 

<ht>BlIfB^4<7)l(c{Sm-rSH^iBy-X®J|g43J;!>' 

(11) y-7.?iJ^i: KU"r>M^i:*WU. 

T. ¥ie#:*«<i:, Ge^^^x^iQ. 2 0>j:ViU0. 5 

t9l5S«±{cxtr^=^^->-\';w}gj5K$nfc 

^IWlgfaS i |-xGe,S<h< Ge^i-^y;«i^'0. ZU^^ 
Ul. 0O®HT*<3, y-x7jS0. 2ck0fc;*C#<. 

HUfBlll«^±fCXlf^ + v^;i/J^fig$tlfcll2<73S i 

,.yG CySi:, i!>?i< i:t>MfBm2we(C'(ia-r-5B5eE 

(cxtf^' + i>-v>'PJi^^$nfe^3©->Un>^t, H9fS 
ll3<Dg±tC»/5)(;Snfcm4<75ij§mW4^i:, flfrfB^4 

T ■5 m^jam N 7 > V X ^ . 

(12) sec, Ge^i'^zA^O. 2 07?ttiLO. 
IBHT-feS. WIB^2COliHiJfBm3c7))l©rB'5(CXtf^ 

i|#i![i;-rS-hSB (1) lC|B««l|#Xft^ h 5 >>'X^. 

(13) nm.n.m}i^h'y>-j7.^ tx>mmwMhv 

O/cCt^LO. 5 0D®gBTcb-5, ^ICDUfPS i |.,Ge, 



S Wta»«± {c X e iS' 4^ ^ ;i/?gfi6;f -5 X 7^ >y :/ <t , 

112 (On K-y'S i |.,G e ,M^tf|IB^ 1 (7)g±tCXt° 

,.jG e,S€:Ht[tB^2 ©B±(cxt°^=^^v-v;l/»fiS;r-g) 
y^^y-^t. vU:3>i:, yjUVX'i'Ai, v'jn>- 

nfcM)«^*L., tutE^3©B±{cxe^4^->-f 

msWigSlS i ,-,Ge,@^S9IHM4«l±{CX 

tf37^->-v;UJ^pS;-r'5Xx>v ^^i, Ge:^^y*^'0. 5 
Oco^HTcfeO. y-x*^'0. 2J;0fc:)^$ 
<, EE^r>-r.^*-*Stt-5, news i ,.j,GeyB*)i^ 

(0^±tXh!37^->^;Ufl^>3£-r^X5^-> ^8<^>v' 
U 3 >fflS:HUlBm7 <DS±{rxtf:5'=^^vY>ll'J^fiET-g)X 

(14) y->IIS*J^fiK-r^fc«b(C. mflHm 

^'->{t:Snit, HI OW:i?Uv'Jn>MSrJ^fiE-rSX 
5^y:/^-&tf^i^!|#Si<h-rs±i2 (13) tCfH«®B 

(15) pM«^?i*h5'>>^7.:$'^ff^^£-r-5 

fcabfc, iJ>fi< ctfe i9<Dy-h«®©MfflirWSBH6 
7°?&-&trct^!|tmcbT^±fe (14) tcfB««S«3t 

(16) i!^fj:< <i:t)MIEaS2®^{rfeBf 
^^tSZ.t^nmt-r^±$i (14) fCfE«©g:WJg$:' 

(17) nSfi#«!imh^>v'X^'Sr}^fiK-rs 

'>;^j: < t 1 oc^y- hmffiWMWfcSfrfE^ 4 

^^^trc<!:*!itmi:-rs±a3 (14) izmmommm 

(1 8) '>fi< <»:feHufBII4<7D®tC'fi®-r^n 

^-^ty^LiSriltmii-^ilB (14) tClStgOSi^ifi'^ 

(19) SetC. n§yS#3ci^ K^>->'X^*Jgi5£-r* 
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